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(54) Handover determination in a mobile communication system 



(57) A self-adaptive handover determination device 
(5) functions by taking into account by how much a 
handover threshold is exceeded based on a received 
quality or signal strength measurement. Averaged sig- 
nal measurements are compared (7) with a first thresh- 
old (8) and those exceeding it are summed (9) and 



further compared (10) with a second threshold (11) 
which sets the handover trigger level. The invention has 
the advantages of a reduced call drop rate and of ena- 
bling a fast handover when the communication's link 
suffers a rapid deterioration in quality. 
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Description 

[0CU11] This invention relates to mobile communica- 
tions systems, and particularly to means for determining 
handover in such a system. 

[0002] One particular type of mobile communication 
system is a cellular radio telephone system. Cellular 
radio telephone systems generally include a switch con- 
troller coupled to the public switched telephone network 
(PSTN) and a plurality of base stations. One or more 
mobile stations communicate with a base station that 
facilitates a call between the mobile station and the 
PSTN. The communication link over a carrier signal 
from the base station to a mobile station is referred to as 
the downlink. Conversely, the communication link from a 
mobile station to the base station is referred to as the 
uplink. 

[0003] A particular type of cellular radio telephone 
system is the GSM system (Global System for Mobile 
Communications), a description of which can be found 
in the book "The GSM System for Mobile Communica- 
tions" by M. Mouly and M. Pautet. 
[0004] GSM networks generally include mobile serv- 
ices switching centres, base stations, and mobiles sta- 
tions. Each of the plurality of base stations generally 
defines a geographic region or "cell" proximate to the 
base station to produce coverage areas. 
[0005] As the mobile station moves from one cell to 
the next, the communication link is transferred from its 
current base station to a neighbouring base station 
using a procedure known as handover or handoff The 
need for handover is usually determined on the basis of 
one or more criteria. Commonly used criteria are 
received signal strength indication (RSSI) of the mobile 
station at the base station, the distance from the current 
base station as determined by the round trip time for 
signals to and from the mobile station and bit error rate 
(BER). 

[0006] There is a variety of methods by which a 
handover process can be initiated. Firstly, processes for 
initiating handover may make measurements on the 
uplink and downlink between the mobile station and the 
base station and initiate handover when received signal 
levels, received quality levels or the timing advance 
(based on the round trip time) values separately exceed 
thresholds. Alternatively, processes for initiating hando- 
ver may compare measurements of received signal 
strength with received quality to deduce that bad quality 
may be the result of interference. Further, processes for 
initiating handover may additionally make measure- 
ments from a number of neighbour cells and initiate 
handover based on the relative level of the signal 
received from the serving cell and from the neighbour 
cells. 

[0007] One feature which all of these known methods 
share, is that they only take into account whether or not 
a fixed threshold has been exceeded and do not take 
account of how much the threshold has been exceeded. 



As threshold levels for triggering a handover are usually 
set (at each base station) on a per cell basis, for the 
worst expected case, there can be situations where 
handovers are triggered before they are necessary. This 
5 leads to the disadvantageous effect of decreasing the 
call-handling capacity of a cell, and of running the risk of 
a handover "ping-pong" effect where a call is repeatedly 
handed back and forth between cells unnecessarily. 
Conversely, in other situations, the triggering procedure 
70 takes too long and the call is dropped before handover 
can occur. 

[0008] Another disadvantage of known methods is the 
complexity of the handover process. For example, four 
parameters need to be set in a database at the base 
is station in order to manage a haixJover based on a qual- 
ity measurement. These parameters are hreqave (the 
number of received quality measurement samples to be 
averaged), hreqt (buffer size), "n" and "p". where "p" is 
the number of "n" consecutive averaged values which 
20 need to cross a set threshold in order to trigger a hando- 
ver. 

[0009] This invention aims to provide a means for trig- 
gering a handover which mitigates the above disadvan- 
tages. 

25 [001 0] In a first aspect, the present invention consists 
of a device for determining handover in a mobile com- 
munications system and comprises: 



30 



35 



40 



an averager for receiving measurements of a com- 
munications signal parameter and for computing an 
average of said measurements; 

a first comparator for detecting when said average 
exceeds a first threshold; 

a summer for computing a cumulative sum of aver- 
ages exceeding the first threshold; and 

a second comparator for detecting when the cumu- 
lative sum exceeds a second threshold, thereby to 
generate a handover trigger signal. 



[001 1 ] The device may be incorporated in a base sta- 
tion or in a mobile station. 
45 [001 2] In a second aspect, the present invention con- 
sists of a method for determining handover in a mobile 
communications system including the steps of: 

receiving measurements of a communications sig- 
so nal parameter and computing an average of said 
measurements; 

determining if an average exceeds a first threshold; 
summing those average values which exceed the 
first threshold to produce a cumulative sum; and 
55 determining if the cumulative sum exceeds a sec- 
ond threshold, thereby facilitating generation of a 
handover trigger signal. 
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[0013] The signal parameters may comprise, for 
example, quality, interference, received RF level or 
measurements relating to the distance between the 
base station and the mobile station, i.e., the timing 
advance. 5 
[0014] The summer may apply a weighting factor to 
the average values exceeding the first threshold 
depending upon the type of parameter being used. 
[001 5] The invention is applicable to macro cell, micro 
cell and pico cell configurations, for example. 10 
[0016] Further, it is not limited to use solely with the 
GSM cellular system. 

[001 7] The invention thus takes into account the vari- 
ations in received signal level, thereby facilitating self- 
adaptive handovers. Handovers can be controlled to be is 
as fast or as slow as needed. 

[0018] Another advantage is that of simplification 
because handover parameters can be defined at a net- 
work level rather than a cell level. Further, only one 
measured parameter need be used for the entire net- 20 
work along with "hreqave", the number of samples to be 
averaged, thus reducing the complexity compared with 
the known systems. 

[0019] In particular, for handovers based on quality 
measurements, micro cells (i.e. lower layer cells) can 25 
support more calls because the relevant parameters do 
not need to be set up for the worst case. Instead, hando- 
vers are triggered depending on the degree of quality 
degradation i.e. the worse the quality, the quicker the 
handover. Thus, call drop rate is reduced. 30 
[0020] Some embodiments of the invention will now 
be described, by way of example only, with reference to 
the drawings of which: 

Figure 1 is a schematic block diagram of a hando- 35 
ver device in accordance with the invention and 
incorporated in a mobile cellular network; and 

Figures 2 and 3 are graphs illustrating operation of 
two alternative embodiments. 40 

[0021] Referring to Figure 1, a mobile station 1 com- 
municates with a base station 2 in the known manner. In 
particular, uplink signals 3 include a measurement of 
the signal quality RXQUAL and signal level RXLEV 45 
received by the mobile station 1 from the base station 2 
over a downlink 4. 

[0022] The base station 2 includes, in addition to its 
usual constituents, a handover determining device 5 in 
accordance with the invention. The device 5 comprises so 
an averager 6 for averaging consecutive samples of 
either of the aforesaid measurements. 
[0023] The output of the averager at 6 is connected to 
the input of a first comparator 7 for comparing the aver- 
age values of consecutive samples with a first stored ss 
threshold 8. The output of the first comparator 7 is con- 
nected to the input of a summer 9 which sums the aver- 
age values which exceed the first threshold. The output 
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of the summer 9 is connected to an input of a second 
comparator 10 which detects when the output of the 
summer 9 exceeds a second stored threshold 1 1 . 
[0024] The output of the second comparator 1 0 on line 
12 is used to trigger a handover. 
[0025] The device of Figure 1 operates as follows. In 
accordance with the invention, as soon as one of the 
averaged samples exceeds the first threshold 8, a sum- 
ming operation with the difference between the aver- 
aged sample and this threshold is commenced. If the 
subsequent averaged sample is also over the first 
threshold, then its difference with the first threshold is 
added to the previous difference. If it is equal to or below 
the threshold, the cumulative sum is reset and the sum- 
ming operation will not start again until another sample 
over the first threshold arrives. Then the sum with the 
difference between the averaged sample and the first 
threshold is recommenced. 

[0026] If several consecutive samples over the first 
threshold arrive, the cumulative sum increases, and 
when a pre-defined second threshold 1 1 for the cumula- 
tive sum is exceeded a handover is triggered. The larger 
the values of the samples, the greater the differences 
with the first threshold and so the quicker the trigger sig- 
nal is produced because the cumulative sum increases 
more quickly as well. 

[0027] In a first example of a preferred embodiment, 
handover is based on RXQUAL measurements and 
hreqave is set' to 2 (i.e. the number of consecutive sam- 
ples to be averaged). The first threshold is set at 3 and 
the second at 7. 

[0028] Whenever averaged RXQUAL values exceed 
3, the difference between the averaged value and the 
threshold (3) is added to the cumulative sum. When the 
cumulative sum exceeds the second threshold (i.e. 7), 
the handover is triggered. 
[0029] The decision process is as follows: 

FOR (every average) ; 

IF (averaged quality - first threshold > 0); 

THEN cumulative sum = cumulative sum + (aver- 
aged quality - first threshold); 

ELSE cumulative sum = 0. 

IF (cumulative sum > second threshold); 

THEN generate handover cause. 

[0030] The upper half of the graph of Figure 2 shows 
averaged sample RXQUAL values (from 1 to 23) over 
time, and having values ranging from RXQUAL = 0 to 7. 
The first threshold is set at RXQUAL = 3. 
[0031] The lower half of the graph of Figure 2 shows 
cumulative sum values with the second threshold set at 
value 7. 
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[0032] Considering as an example, the averaged sam- 
ples labelled 1 to 5, none of these exceeds first thresh- 
old of 3. Therefore, the cumulative sum remains at 0. 
[0033] However, averaged samples 6, 7 and 8 all 
exceed the first threshold by 1. Therefore, when the 
eighth averaged sample has been received, the cumu- 
lative sum is 3. Averaged sample number 9 is below the 
first threshold, therefore the cumulative sum is reset to 
0 at this point. (Note that a reset point is arbitrary and 
could be set to a value other than 0, if desired). 
[0034] Considering now averaged samples, 20, 21 , 22 
and 23, all of which are above the first threshold. The 
cumulative sum now builds up over time and as sample 
number 23 is received and processed, the sum exceeds 
the second threshold of 7, thus triggering a handover. 
[0035] Contrasting this operation with known systems 
which typically would wait for *p' out of 'n' consecutive 
averaged samples to equal or exceed an RXQUAL 
threshold before triggering a handover; the problem 
with this known arrangement is that a call can be 
dropped (i.e. lost) before the handover is actually trig- 
gered. The use of the second threshold applied to a 
cumulative sum in the present invention, enables rapid 
handover in situations where the signal is deteriorating 
rapidly. Therefore, there is much less risk of a call being 
dropped. 

[0036] In a second example of a preferred embodi- 
ment, handover is based on RXLEV measurements. In 
this case, handovers are triggered when reported 
RXLEV averaged values are below a certain threshold. 
[0037] The decision process is as follows: 

- FOR (every average); 

- IF (averaged level - f irst threshold <0). 

- THEN cumulative sum = cumulative sum + (first 
threshold - averaged level); 

ELSE cumulative sum = 0; 

IF (cumulative sum > second threshold); 

- THEN generate handover cause. 

[0038] In Figure 3, the upper half of the graph shows 
the averaged RXLEV over time and the first threshold 
value set at 20. When the cumulative sum, shown in the 
lower half of the graph, exceeds the second threshold 
(of 1 0) a handover is triggered (at point A). 
[0039] In both embodiments, the number of samples 
taken into account (hreqave) when computing the aver- 
aged sample value is arbitrary and can be set as 
desired to take into account various link conditions 
(such as false effects due to fading). 
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Claims 

1. A device (5) for determining handover in a mobile 
communications system and comprising: 

an averager (6) for receiving measurements of 
a communications signal parameter and for 
computing an average of said measurements; 

a first comparator (7) for detecting when said 
average exceeds a first threshold; 

a summer (9) for computing a cumulative sum 
of averages exceeding the first threshold; and 

a second comparator (10) for detecting when 
the cumulative sum exceeds the second 
threshold, thereby to generate a handover trig- 
ger signal. 
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2. 



25 3. 
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A device according to Claim 1 in which the signal 
parameter comprises a signal quality measure- 
ment. 

A device according to Claim 1 in which the signal 
parameter comprises a signal level measurement. 

A device according to Claim 1 in which the signal 
parameter comprises a measurement of interfer- 
ence. 

A device according to Claim 1 in which the signal 
parameter comprises a measurement relating to 
the distance between the device (2) and a remote 
transmitter (1). 

A method for determining handover in a mobile 
communications system and including the steps of: 

receiving measurements of a communications 
signal parameter and computing an average of 
said measurements; 
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55 



determining if an average 
threshold; 



exceeds a first 



summing those average values which exceed 
the first threshold to produce a cumulative sum; 

and determining if the cumulative sum exceeds 
a second threshold, thereby facilitating genera- 
tion of a handover trigger signal. 

A method according to claim 6 and including the 
further step of applying a weighting factor to the 
average values exceeding the first threshold. 
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